Abstract -One of the main machining characteristics that play vital role in determining the quality of engineering components is surface integrity. The fatigue strength, corrosion and wear resistance is enhanced by good quality surfaces of the work piece. The purpose of this research is investigating and optimizing the effects of three parameters: peak current (IP), wire speed (WS), and wire diameter (D) on surface quality of work piece in terms of roughness and hardness by wire EDM. The experimental plan was based on two level of full factorial design. The ANOVA analysis has been applied to identify the significance of the developed model. The results show that larger wire diameter give better surface integrity along with controlled variables such as low pulse peak current and high wire speed. The results have been used as input the Simulated annealing algorithm to determine the optimum value that can be achieved based on the scope of the research.
INTRODUCTION
Surface integrity is the one of the criteria that plays a very important role in evaluating the final quality of any product. It may consider a low quality to have low hardness and high surface roughness in the final product. However, the final quality such as surface roughness and hardness in WEDM (Electric Discharge Machining is a thermo-electrical process which are uncontacted process is immanent by factors such as peak current, wire diameter and wire speed. WEDM is a specialized thermal machining process capable of accurately machining parts with varying hardness or complex shapes, which have sharp edges that are very difficult to be machined by the main stream machining processes [1] . In this process, the product and wire are intent in a dielectric (electrically non-conducting) fluid which also acts as a coolant and flushes away debris. It is well known the facts that good quality surfaces improve the fatigue strength, corrosion and wear resistance of the work piece [2] . There are many research studies have been conducted in order to reduce the surfaces roughness of the final product. Duhairaja et al. [3] said that the pulse on time was the main effect on the surface roughness. Huang & Liao [4] claimed that the most significant on the surface roughness is pulse on time. [2] [5] [6] , stated and reported that double sparking lead to a poor surface finish on part machining. The pulse on time is the most important parameters that influence on surface roughness followed by peak current [5] . This is agreeing with other studies conducted by [2] that found that pulse-on time and pulsepeak current are most important parameters to the surface roughness. Regardless of material type being machined, Surface roughness in wire EDM were depended on pulse on time and pulse peak current without consideration of materials that need to be machined. There was another study reported by [7] describing the parameters such as peak current and pulse on time are most influenced to attain the optimum surface roughness.
Others studies conducted by [8] . They found that the main important factors affected in surface roughness and material removal rate were pulse frequency ,the discharge current, wire speed ,pulse duration, dielectric flow rate and wire tension .The effect of dielectric flushing pressure ,wire speed ,the pulse duration and open circuit voltage on the wire EDM work piece surface roughness had been investigated [9] . According to their result, the more increase of wire speed, open circuit voltage and pulse duration will lead to the more increase in surface roughness.
However the final hardness is also an important factor on the final product quality. The final hardness Contrary the journalized micro-cracks in recast layer of EDMed steels by studies conducted by [10] . The found microcracks into the subsurface were not viewed. Furthermore, micro-cracks in states of voids and bubble channels were confined within the recast layer whose mean thickness had been 13.3 ȝm and 8.3 ȝm, respectively. As the discharge energy reduces in TC2 (Elow) and TC3 (Elowest), white layer fits more constant and consistent. They additionally become much thinner, e.g., 5.1 ȝm and 3.3 ȝm in the two trim cuts. Micro-cracks confined within the recast layer in TC2 (Elow) are still visible, but the white layer in TC3 (Elowest) is free of micro cracks. Therefore, the crucial factor to minimize the thickness of a white layer like thermal depredate into the subsurface is discharge energy. The minimum discharge energy cause the white layer unapparent in finish trim cut. Another study [11] stated that in finish trim cut of ASP23 tool steel formed a thin white layer of 0.2 ȝm. Recast layers by main cuts are predominantly discontinuous and nonuniform. Thick (8.3 ȝm-13.3 ȝm) recast layers were most importantly discontinued and non-uniform at relative high discharge energy. Micro voids were enclosed within the thick white layers. Thin (3.3ȝm) recast layer at low discharge energy was constant, continued and unaffected by micro voids. Indifferent of discharge energy, the recast layers have been adversely reducing by 2.5 times in micro hardness compared to the bulk material, which display that important thermal degradation take place on wire EDMed surfaces. According to [12] , the very low C content of IN 718 would not make the recast layer hard after quenching in dielectric unlike carbon steels. The micro-hardness influenced to reduce the recast layer at each case. However, the recast layer by MC is harder than those produced at low discharge energy cases. The hardness of recast layers reduced 2.5 times as in the bulk. The thermal degradation occurs on EDMed surfaces reduced the hardness regardless of discharge energy.
II. RESEARCH METHODOLOGY
There were generally three parameters that need to be controlled for this experiment which were the wire speed (WS), peak current (IP), and wire diameter (D). The outputs of the machining which were the surface roughness and hardness were measured using several devices available in the workshop and laboratory. Then main factor for this experiment was wire diameter. Other parameters that important in machining parameter of in Wire EDM are the peak current. It measures in unit of amperage and showed the amount of power used in Wire EDM that In order to show the speed of wire, wire speed was another important parameter in Wire EDM. When wire speed increased, it increased the wire consumption and in result the cost of machining while low wire speed can cause to wire breakage in high cutting speed. Table 1 shows the ranges of parameters. In this experiment, Design of Experiment (DOE) which also known as Design Expert version 6.0.8 software is used to find out the combinations of peak current, wire speed and wire diameter and settings as well as the number of runs that need to be done for the experiment.
Full factorial design and give the total number of eight (2³) experimental runs. The surface roughness and hardness are the response factors selected for this study. Table 2 shows the design of experiment. Work piece material needs to be selected first before conducting the experiment. The selection of material has been described properly in the next subtopics. JS: 81944 mild steel material shave been selected as the work piece for wire EDM. Mild steel provide material properties that were acceptable to many applications. Mild steel had a relatively low tensile strength but malleable and cheap. The rectangular bar mild steel in this experiment had dimension 70mm (length) x 40mm (width) x 20mm (height).
Brass wires are alloys of copper and zinc possesses reasonable conductivity with high tensile strength when compared to the copper wires. In this experiment, brass wire having 65% of copper and 35% of zinc is selected as a tool due to its properties, availability and low cost. The gap between the wire and work piece usually ranges from 0.025 to 0.075 mm and is constantly maintained by a computer controlled positioning system. Brass EDM wire is a combination of copper and zinc, typically alloyed in the range of 63-65% Cu and 35-37% Zn. The addition of zinc provides significantly higher tensile strength, a lower melting point and higher vapor pressure rating, which more than offsets the relative losses in conductivity. Brass quickly became the most widely used electrode material for general-purpose wire EDM. It is now commercially available in a wide range of tensile strengths and hardness Surface Roughness was directly measured by using Mitutoyo Surface test SJ-400 as shown in the Figure  3 .2.The SJ-400 series can evaluate 36 kinds of roughness parameters conforming to the latest ISO, DIN, and ANSI standards. The SURFPAK-SJ program gives the SJ-400 series the same excellent operability and advanced analysis performance achieved by high-end desktop testers. More roughness parameters and analysis graphs are available, unnecessary data can be ¿ltered out and surface features, including step and pitch, can easily be evaluated. This device is located in Metrology Laboratory, first floor of engineering building E0, Kuliyyah of Engineering, International Islamic University Malaysia. On each machined surface, the surface roughness was measured three times at three different locations which were left, right, and middle of the machined surface. The average value of these three measurements was used as the surface roughness of the specimen. The scan length and cut-off length of the measurement were 2.5ȝm and 1.0ȝm and stylus speed with 0.10 mm sec· . Hardness of part that has been cut was measured by using Rockwell Hardness tester machine (Mitutoyo). The entire of work piece were being measured by with three possible spots. The readings then were being calculated and taken into average.
III. PREPARATION OF THE WORK PIECE
The work piece needs to be prepared first before conducting the experiment. The rectangular block with dimensions (70 mm x40 mm x 20 mm).The work material was been cut from original bulky mild steel. After being cut, the work material was in irregular shape and the surface is really tough. Milling operation was conducted to make surface smoother. It was needed to prevent from affecting the result when running experiment. The surface integrity will be observed under the Jeol JSM-5600 scanning electron microscope.
IV. SEM TEST
Wire EDM surface morphology is examined by using Scanning Electron Microscope (SEM) model. 
V. RESULT & DISCUSSIONS
This chapter represents the result and discussion of wire EDM experiments. The results were about the influence of wire diameter on surface of work piece. The output that should be concerned in these experiments is surface roughness (Ra) and hardness (HB). Wire EDM model W11 FX2K with 0.2 and 0.25 mm diameter brass wire as the electrode and distilled water as dielectric fluid will be used to run the experiment.8 experimental runs were proposed out through 2 level factorial of design of experiment (DOE). The machining parameters such as pulse peak current (IP) and wire speed (WS) were to be varied depend on experimental range. The results of the experiments were briefly discussed on this chapter regarding the surface roughness and hardness of the work piece. The experiments were designed by using Design Expert Software (DOE).There are three factors, peak current (IP), wire speed (WS) and wire diameter. The two responses are surface roughness (Ra) and the hardness (HB). Table 3 shows results. The results have been analyzed and using the JMP software. Figure 5 shows the effect of the controllable factors on the surface roughness.
Figure5: effect of factors on the surface roughness
The figure shows that wire speed and diameter have a positive effect on the surface roughness with slightly more of the wire speed. However increasing the peak current will affect negatively on the surface roughness Figure 6 shows the effect of the controllable factors on the hardness. Figure 6 : the effect of inputs on the hardness
The figure shows that the diameter is the most effective factor on the hardness of the work piece VI.
ANALYSIS OF VARIANCE ANOVA ANOVA was a statistical technique when subdivides the total variation of a set data into component parts associated with specific sources of variation for the purpose of testing a hypothesis on the parameters of a model. From ANOVA, if the Prob >F value is very small which was less than 0.05 the terms in the model have a significant effect on the response. Actual value was the measured response data from the experiment while predicted value was the value predicted from the model, generated by using the prediction equation. a. Increase pulse peak current and decrease wire speed also contributes to poor surface integrity of the work piece b. Wire speed and diameter have a positive effect on the surface roughness with slightly more of the wire speed. However increasing the peak current will affect negatively on the surface roughness c. The diameter is the most effective factor on the hardness of the work piece d. The simulate annealing algorithm of exponential and logarithmic have better results than the linear updating of the temperature
